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ABSTRACT

Hirudin, the anticoagulatory polypeptide of the leech Hirudo medicinalis, strongly
inhibits thrombus formation by specifically interacting with thrombin. For diagnostic pur-
poses, hirudin should be superior to other anticlotting compounds because it only mini-
mally alters the mineral, protein, and cellular blood constituents. To test this hypothesis,
hirudinized and routinely processed venous blood from 80 healthy volunteers and patients
was subjected to a variety of automated blood tests. A strong correlation was found be-
tween the results of automated complete blood counts obtained from K ,—ethylenedi-
aminetetraacetic acid (EDTA) anticoagulated and hirudinized blood (1000 antithrombin
units [ATU] hirudin/ml). In addition, clinical chemistry and serological infection parame-
ters (asparlat amintransferase [ASAT], lactate dehydrogenase [LDH], sodium, and so on,
and antibodies against hepatitis B and C and human immunodeficiency virus [HIV]1/2,
respectively) correlated well when measured in serum as compared with hirudinized
plasma. Contrary to single clotting factors, global coagulation parameters (activated partial
thromboplastin time [aPTT", prothrombin time {PT]) could not be measured in hirudi-
nized blood. Recombinant hirudin neither interfered with immunophenotyping of mono-
nuclear cells using FACScan analysis, nor did it alter the detection of Wilms’ tumor gene
expression by RT-PCR technology even at high doses (5000 ATU hirudin). Thus, a
hirudin-containing blood sampling tube can be designed as a universal blood sampling
tube (UBT) for testing the majority of diagnostic blood parameters.

KEYWORDS: Recombinant hirudin, universal blood sampling tube (UBT), automated
blood count, clinical chemistry parameters, immunophenotyping, RFPCR

Obijectives: Upon completion of this article, the reader should be able to {1} list some of the clinical laboratery parameters that can
be reliably tested in hirudin-containing blood sampling tubes and (2} recognize some of the advantages of using hirudin-containing
sampling tubes.
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hriruda medicinalis, the European leech, has long
been recognized for its blood-diluting properties. The
anticlotting properties in its salivary glands were first rec-
ognized in 1884.12 Twenty years thereafter, a crude anti-
coagulant compound was isolated from leeches, and later,
in 1927,3 the antithrombotic properties of hirudin prepa-
rations and heparin were compared for the first time. In
the late 1950s, Markwardt systematically purified leech
anticoagulants and characterized their polypeptide struc-
ture.* The establishment of efficient large-scale produc-
tion processes for recombinant hirudin®! has led to its
development as a pharmaceutical anticoagulant (e.g., Re-
fludan®, Revasc®) for indications such as deep venous
thrombosis, heparin-induced thrombocytopenia, and
coronary syndromes. The anticoagulatory action of nat-
ural and recombinant desulfato-hirudin was shown to be
similar, 1112

Natural hirudin, a single-chain, carbohydrate-
free polypeptide, has a molecular weight of 7kD. It is
composed of 65 amino acids and contains three in-
tramolecular disulfide bridges and a sulfated tyrosine
residue. Hirudin interacts specifically with thrombin
without the involvement of cofactors, With its C termi-
nal tail, hirudin irreversibly binds to the fibrinogen
recognition site of thrombin,!3 effectively blocking the
transformation of fibrinogen to fibrin.™15 In contrast to
the heparin-antithrombin (AT) complex that exclu-
sively inhibits alpha- and gamma-thrombin, hirudin
also inhibits the enzymatic function of meizothrombin,
a precursor of alpha-thrombin.!¢ Because of its highly
specific interaction with thrombin, hirudin can be ex-
pected to have a relatively low interference with diag-
nostic test systems or other soluble blood components
and may thercfore be preferable to other anticoagulants.

We compared a variety of diagnostic data ob-
tained from hirudinized and routinely processed blood
of patients and healthy volunteers. In addition to an au-
tomated complete blood count, automated clinical
chemistry, and serological infection parameters, im-
munophenotyping of mononuclear cells (MNCs) and
Wilms' tumor gene (WT1) expression data (RT-PCR
technology) were analyzed for differences attributable
to the anticoagulant used.

MATERIALS AND METHODS

Patients

Venous blood was drawn from healthy volunteers
(n = 35) and hospitalized patients (n = 45). The patients
were treated for a variety of life-threatening diseases,

such as renal and liver failure, myocardial infarction,
sepsis, and leukemia.

Universal Blood Sampling Tubes

Recombinant  desulfato-hirudin - was  produced in
Hansenula polymorpha. Lyophilized hirudin with a spe-
cific antithrombotic activity (ATU) of 19,000 per mil-
ligram was dissolved in distilled water to prepare a
hirudin working solution containing 100 ATU/uL
(method according to Griessbach et al'7). A working so-
lution of hirudin was added to plain glass tubes by
pipette, resulting in a final concentration of 1000
ATU/mL after being filled with 4 mL freshly drawn
blood. As controls, plastic Vacutainer® blood sampling
tubes containing K,-EDTA (4-mL tube; for blood cell
counting and PCR tests), glucosidase inhibitor (3-ml
tube; to assess serum glucose levels), clot activator, and
separation gel (8.5-ml tube; serum tube for measuring
clinical chemistry parameters and serological virological
testings), or heparin (10-ml tube; for immunopheno-
typing) were used. All tubes were purchased from Bec-
ton Dickinson (Heidelberg, Germany). The prepared
blood sampling tubes were filled with venous blood
using a butterfly venipuncture system (Becton Dickin-
son), as described.!8

Routine Blood Tests

All routine blood parameters were measured within a
6-hour time frame after venipuncture. The K,-EDTA-
tubes and UBTs were moved gently to prevent throm-
bocyte microaggregation. Blood tubes were transported
and stored at room temperature. The UBTs were first
analyzed for the complete blood count (including dif-
ferential) using the automated blood counter STK
(Beckman Coulter, Krefeld, Germany). Subsequently,
the UBTs were centrifuged (2000 rpm). Hirudinized
plasma was taken to automatically measure a variety of
clinical chemistry parameters (albumin, alkaline phos-
phatase, amylase, total bilirubin, calcium, chloride,
cholesterol, creatine kinase, creatinine, gamma glu-
tamyltransferase [GGT], glucose, ASAT, alanin amino-
transferase [ALAT], hydroxybutyrate dehydrogenase
[HBDH], LDH, lipase, p-amylase, phosphate, potas-
sium, sodium, total protein, triglyceride, urea, and uric
acid) using the Roche/Hitachi 917 System® (Roche
Diagnostics, Mannheim, Germany). This analyzer is a
flexible system for the measurement of both routine and
special clinical chemistry parameters in blood samples.
It is based on ion-selective electrodes (Na*, K+, Li*) and
absorbance measurements in reaction solutions consist-
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ing of reagent-mixed serum (or in our case hirudinized
plasma) in a plastic cuvette. A minimum sample volume
between 2 and 35pL was required for each test parame-
ter, This analyzer was operated according to the
manufacturer’s instructions using routine test kits from
Roche Diagnostics AG. In addition, the special clinical
chemistry parameters free hemoglobin (measured
by photometry in a Lange photometer), thyroxine-
stimulating hormone (by electrochemiluminescence-
detection technology, Elecsys System® 1010, Roche
Diagnostics), and thyroglobulin (by radioimmunoassay,
Perkin Elmer Wallace, Freiburg, Germany) were quan-
tified from the blood of a small group of volunteers (n =
6). These parameters were selected as examples of dif-
ferent types of detection methods. No adaptations were
made for measuring hirudinized blood.

Immunophenotyping

Bone marrow or blood samples were anticoagulated
with desulfato-hirudin at a concentration of 1000
ATU/mL or heparin (standard procedure) for 24 hours.
MDNCs of two patients with acute myelogenous leuke~
mia (AML) (bone marrow), one patient with chronic
myelocytic leukemia (CML) in the chronic phase
(blood), one patient with chronic lymphocytic leukemia
(CLL) (blood), and one patient with sepsis (reactive
bone marrow) were isolated by Ficoll-gradient centrifu-
gation. MNCs were immunophenotyped using FAC-
Scan analysis (Becton & Dickinson, Software Cellquest)
with monoclonal antibodies from Beckman Coulter
Immunotech (Heidelberg, Germany) (SJ1D1 [CD13],
D3HL60-251 [CD33], 80H5 [CD15], 88H7 [CD65],
B8.12.2 [HLA-DR], RMO52 [CD14], 13B8.2 [CD4],
B9.11 [CD8], 95C3 [CD117]) and from Becton Dick-
inson (581 [CD34], RPA-T4 [CD4], M-T701 [CD7]).
Immunophenotyping was repeated twice,

Enzyme-Linked Immunoassays

Using the third-generation immunoassay system
Axsym® (Abbott Systems, Abbott Park, IL), serological
tests were performed with serum and hirudinized
plasma from eight patients to detect antibodies against
cytomegalovirus (CMV), hepatitis B and C, and
HIV1/2. The Abbott test kits used were CMV-
immunoglobulin G (IgG), AUSAB, HAVAB, hepatitis
C virus (HCV), and HIV AySym1/2 gO.

PCRTechnology

Testing for hepatitis C viral genomes was performed
using COBAS-Amplicor HCV V.2.0® from Roche Di-
agnostics. The commercially available and approved
FICV-RNA preparation #75/98 served as positive refer-
ence. An internal standard was coamplified in each
sample (positive PCR control). The test was performed

according to manufacturer’s instructions. Hirudinized
plasma at a concentration of 1000 ATU hirudin/mL
was used.

To detect WT1, total RNA was prepared from
106 EoL1 leukemic blasts, known for overexpressing
WTT1. To evaluate whether hirudin interferes with the
RT-PCR technique, 500, 1000, 2500, and 5000 ATU
hirudin were added directly to 106 pelleted EoL1 blasts.
The cell suspension was shaken vigorously. After 1 hour
of incubation, total RNA was isolated according to the
RNAzol B-protocol. Reverse transcription was per-
formed using M-MLV Reverse Transcriptase (Life
Technologies, Karlsruhe, Germany). RNA integrity of
each sample was determined by amplifying c-ABL
cDNA.18 According to this RT-PCR-protocol, a 487-
bp DNA fragment including the WT1 zinc finger re-
gion (365 bp) was detected after two amplification
rounds using two different primer sets.’? The protocol
detects WT'1 mRNA transcripts in 50 HL60 blasts in-
terspersed among 10¢ normal pB MNCs.20 This assay
was performed in duplicates.

Statistical Methods :
Correlation between the measurements obtained from
routinely processed and hirudinized blood from each
individual blood donor was calculated according to

Spearman?! using the computer program SPSS (Ver-
sion 6.1.1; SPSS Inc., Chicago, IL).

RESULTS

Comparative Analysis of

Complete Blood Counts

Blood from healthy individuals or patients (n = 80) was
drawn into one UBT and one standard K,-EDTA tube
at the same time via the same venipuncture set. From
both tubes automated complete blood counts were pre-
pared. The absolute results of automated complete
blood counts measured from hirudinized and K,-
EDTA anticoagulated blood were only slightly different
(data not shown). For complete blood counts, signifi-
cant correlations and intraclass correlations (according
to Spearman’s test) were found between the measure-
ments of each parameter from hirudinized and K,-
EDTA-anticoagulated blood. However, the signifi~
cance level of correlation was substantially lower for
monocytes and basophils (both p = 0.5) as compared
with the other blood cells (Table 1). Qccasionally, some
monocytes were mistaken for basophils during auto-
mated blood counting, sometimes resulting in paradoxi-
cally high basophil counts. This occurred somewhat
more frequently in hirudinized anticoagulated blood
than it did in K,-EDTA anticoagulated blood (7 and 2
of 73 samples, respectively). This problem was resolved
by taking repeated measurements from the same tube.
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Table 1 Correlation of Complete Automated Blood Counts Obtained from UBTs

and Standard K,-EDTA Tubes

Number of Correlation Intraclass Correlation

Samples (n) (R; Spearman) (ICR; Spearman)
Erythrocytes/pl 80 0.9904#** 0.8902%#*
Leukocytes/ul 80 0.9527*** 0.9464***
Thrombocytes/nL 80 0.9168*** 0.9085***
Hemoglobin g/dL 80 0.9887*** 0.9886%**
Neutrophils (%) 78 0.8911%** 0.8739***
Lymphocytes (%) 78 0.9654*** 0.9652***
Monocytes (%) 78 0.7468%*** 0.508*
Eosinophils (%) 78 0.8777*** 0.8775%**
Basophils (%) 77 0.3472* 0.2408*

**Significant at level p <0.001; **significant at level p <0.01; *significant at level p <0.5.

All measurements from blood of healthy volunteers were
within normal range, irrespective of the anticoagulant
used. In addition, the measurements from patients’ hiru-
dinized blood indicated the same diagnostic conclusion as

K,-EDTA~anticoagulated blood for each of the diseases
(e.g., thrombocytopenia, leukocytosis; data not shown).

Comparative Analysis of Routine Clinical
Chemistry Parameters

Blood of healthy individuals and hospitalized patients
(n = 64 to 74) was collected in a UBT and a regular
serum tube, centrifuged, and subjected to an automated
analyzer. The overall results of 24 clinical chemistry pa-

Table2 Correlation of Clinical Chemistry Parameters Measured in Serum

and Hirudinized Plasma

Intraclass
Number of Correlation Correlation

Test Parameter Samples (n) (R; Spearman) (ICR; Spearman)
GOT 74 0.9904* ** 0.9986* **
GPT 65 0.9973*** 0.8004* **
AP 64 0.9884*** 0.9874***
Gamma GT 65 0.9726*** 0.9717***
HBDH 65 0.9829*** 0.9825***
Bilirubin (total) 74 0.9178*** 0.914%*#
CK 65 0.9969** * 0.9956* **
Lipase 85 0.9808*** 0.9801***
LDH 6b 0.9751%*** 0.973***
Amylase 65 0.9958*** 0.9952***
Creatinin 64 0.9768*** 0.9766* **
Urea 64 0.9963*** 0.9937#***
Uric acid 65 0.9964*** 0.9956***
Phosphate 64 0.9627%** 0.927g***
Glucose 64 0.9223*** 0.9169***
Cholesterol 65 0.9936%** 0.9895***
Triglyceride 65 0.9412%** 0.9223***
Calcium 72 0.8246*** 0.8239***
Total protein 73 0.9113%** 0.8841***
Albumine 65 0.9865*** 0.9849*#**
Pancreatic amylase 65 0.9952*** 0.9949***
Potassium 64 0.8904*** 0.7536***
Sodium 73 0.8857*** 0.8394***
Chloride 65 0.8782*%* 0.8622%**

Significance levels; *p <0.05; **p <0.01; ***p <0.001.
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rameters were only slightly different when measured
from hirudinized plasma instead of serum (data not
shown). A strong correlation between the respective
measurements from serum and hirudinized plasma was
found in Spearman’s correlation and intraclass correla-
tion tests (significance level p < 0.001) (Table 2). The
measurements of potassium in hirudinized plasma were
consistently lower, whereas total protein was always
found at higher concentrations in hirudinized plasma as
compared with serum. Again, all clinical chemistry pa-
rameters of healthy volunteers were within normal
range and the pathological parameters of the patients
had the same indicative power for their particular dis-
ease, irrespective of whether serum or hirudinized
plasma was analyzed (e.g., increased urea levels—indi-
cating renal failure; data not shown).

Special Clinical Chemistry Parameters

In healthy volunteers (n = 8), free hemoglobin in hirudi-
nized plasma was repeatedly found at substantially
lower concentrations than it was in serum. The differ-
ence between both measurements of free hemoglobin
was between 43 and 98% (Table 3). All measurements
were still within normal range. For TSH and thyroglob-
ulin, comparable measurements were obtained in

healthy volunteers (n = 9) (Table 3).

Infection Serological Parameters

From serum and hirudinized plasma of a small group of
healthy volunteers (n = 6), automated detection of anti-
bodies against CMV, hepatitis B (n = 9), hepatitis C,
and HIV1/2 as well as detection of hepatitis B surface

Table 3 Special Clinical Chemistry and Infection Serological Parameters

Clinical Chemistry Parameters Infection Serological Parameters (no.) PCR

Free Thyreo- Anti- HCV-
Patients/ Hemoglobin TSH globulin- CMV Hbs-AB HBs- HCV- HIV1/2- genomic
Material {mg/L) (mU/mL}  (pg/L) IgG-AB  {IU/L) AG AB AB {ctl/hev)
1/ Serum 78.62 2.02 5.6 - >1000 - - - +f—
H-plasma 24.95 2.03 4.9 >1000 - - - =
Deviation (%) —-68.3 +0.5 -12.5 0 0 0 0 0 0
2/ Serum 54.52 1.03 38 + - - - - /-
H-plasma 31.08 1.14 4.4 + - - - - +/—
Deviation (%) —43 +8.7 -16 0 0 0 0 0 0]
3/ Serum 38.30 2.22 13 + - - - - +/-
H-plasma 21.84 2.25 7.4 + - - - — +/—
Deviation (%) —43 +1.4 —43 0 0 0 0 0 0
4/ Serum 77.87 2.18 7 - >1000 - - - +f—
H-plasma 23.94 2.47 8.3 ~ >1000 - - - +/—
Deviation (%) —-69.3 +13.3 +18.6 0 0 0 0 0 0
5/ Serum 131.50 0.82 5.1 - - - - - +—
H-plasma 2.18 0.85 5.8 -~ - - - - +/—
Deviation (%) —-98 +3.7 +13.7 0 0 0 0 0 0
6/ Serum 130.8 1.72 N + - - - - +—
H-plasma 32.42 1.78 " + - - - - -
Deviation (%) -75 +3.5 0 0 0 0 0 0 0
7/ Serum 133.1 1.88 27 nd 6040 nd nd nd nd
H-plasma 27.3 1.84 2.6 nd 1376 nd nd nd nd
Deviation in% -79 -2.2 +3.7 -77
8/ Serum 129.1 1.26 " nd 527 nd nd nd nd
H-plasma 65.18 1.34 12 nd 339 nd nd nd nd
Deviation in% —50 +6.3 +9.1 —~36
9/ Serum nd 1.93 46 nd 1595 nd nd nd nd
H-plasma nd 1.89 4.9 nd 1956 nd nd nd nd
Deviation in% -2 +6.5 +23

#AB = antibodies; AG = antigen; ctl = internal control, coamplified in every sample; hev = hepatitis C viral genome; + = detectable; — =

nondetectable; nd = not done.
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antigen was technically possible and gave similar results
(Table 3).

Coagulation Parameters

Hirudinized blood could not be used for measuring the
global coagulation parameters, aPTT, and PT (synony-
mous Quick’s test). In both test systems, hirudinized
blood did not clot even after adding an excess of tissue
factor plus calcium (PT) and a PTT reagent (cephalo-
plastin or reagents containing platelet factor 3), respec-
tively. However, single clotting factors such as fibrino-
gen and AT TIT could be measured from hirudinized
blood (data not shown).

Immunophenotyping

Immunophenotyping was performed using FACScan
analysis with a panel of different antibodies on MNC
preparations obtained from patients with AML (n = 2),
CML in chronic phase (n=1),and CLL (n = 1) and from
a patient with reactive bone marrow due to bacterial sep-
sis. After incubation of bone marrow or blood for 24
hours with heparin or hirudin, MNCs were isolated by
Ficoll centrifugation and subjected to the analysis. Com-
parable percentages of antigen expressing MNCs were
obtained, irrespective of pretreatment with heparin or
hirudin (Table 4). In addition, CD4 and CD8§ expressing
lymphocytes could be easily counted in hirudinized blood
using FACScan analysis, In five healthy volunteers, al-
most the same counts of CD4 and CD8 expressing T
lymphocytes were obtained from hirudinized blood as
from K,-EDTA anticoagulated blood (data not shown).

PCRTechnology

To clarify whether hirudin interferes with the enzy-
matic reactions involved in the RT-PCR technology,
different amounts of hirudin were added to EoLl leuke-
mic blasts. After incubation of 1 hour, RNA was ex-
tracted and transcribed to cDNA, and PCR was per-
formed to detect WT1 gene expression. WT1 cDNA
fragments were amplified in all preparations, even when
up to 5000 ATUs of hirudin were added. No differences
in the boldness of the WT1 amplification bands were
observed for hirudin-containing preparations, as com-
pared with native preparations (Fig. 1).

DISCUSSION

Since medieval times, hirudin has been known for its
blood-diluting capacities, but its use in diagnostic pro-
cedures has not been evaluated so far. The major objec-
tive of this study was to find out whether hirudin would
interfere with methods, test kits, and assays that are
used routinely for measuring corpuscular and dissolved

blood constituents. Thus, we have performed a compar-
ative study of the results of automated complete blood
counts, routine clinical chemistry, and serological infec-
tion parameters obtained from hirudinized versus rou-
tinely processed blood. Furthermore, to detect interfer-
ences of hirudin with complex test systems, we
immunophenotyped MNCs using FACScan analysis
and tested leukemic blasts for WT'1 expression by RT-
PCR treated with high hirudin doses.

In a recent study, we showed that hirudin at a
concentration of at least 300 ATU/mL is able to antico-
agulate blood for at least 24 hours.!® Stocker et al, in
a previous study, reported that 150, 300, and 1000
ATU/mL desulfato hirudin were necessary to suffi-
ciently prevent blood clotting for 3.5, 6, and at least 24
hours, respectively.?? We used hirudin at a concentration
of 1000 ATU/ml blood to better detect possible interac-
tions between desulfato-hirudin and the procedures of
automated blood counting as well as the kits and proto-
cols for testing routine clinical chemistry parameters,
Automated complete blood counts could be performed
reproducibly from hirudinized blood. A significant cor-
relation was found in the results of all parameters of the
complete blood count obtained from UBTs and standard
K,-EDTA tubes, even when blood of severely sick pa-
tients was analyzed.

All 24 routine clinical chemistry parameters could
be reproducibly measured in hirudinized plasma and
serumn. For serum and hirudinized plasma, a significant
correlation of the measurements of all clinical chemistry
parameters was found, even in patients with severe pa-
thologies such as terminal renal insufficiency, myocardial
infarction, hypercalcemia and hyperglycemia. Some clini-
cal chemistry parameters such as potassium were consis-
tently measured at lower concentrations in hirudinized
plasma than they were in serum. This phenomenon might
be attributable in part to the volume difference between
serum and plasma, approximately 4% in favor of plasma,
resulting in a higher concentration of soluble compounds
in serum. In addition, centrifugation of clotted bleod to
separate serum is known to lead to the destruction of at
least some erythrocytes, resulting in an efflux of intracel-
lular potassium into the serum. This is in concordance
with our observation that free hemoglobin is detectable at
much lower concentrations in hirudinized plasma as com-
pared with serum. On the other hand, total protein is con-
sistently found at higher concentrations in plasma as com-
pared with serum because of the removal of clotting
factors from serum. Although hirudinized plasma could
not be used for global coagulation tests such as aPT'T and
PT, measurements of single clotting factors such as fibrin-
ogen or AT TII was possible. Serological infection para-
meters could be measured equally well from hirudinized
plasma and serum. In addition, hirudin was not found to
interfere with RT-PCR protocols even when high hirudin
doses were used.
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Figure 1 Detection of WT1 mRNA transcripts in EoL1 blasts
pretreated with hirudin. M = marker lane depicting DNA frag-
ments of 1500 {top} to 500 bp (bottom)} in 100-bp increments
{(Invitrogen, Karlsruhe, Germany). Lanes 1 to 5 show 487-bp
WT1 amplicons of Eol.1 blasts exposed to 0, 5000, 2500, 1000,
and 500 ATUs of recombinant desulfato-hirudin, respectively.
Lane 6 shows the water control.

Taken together, this feasibility study shows that
hirudinized blood can be used to reproducibly measure
automated blood counts including differentials and a
great variety of clinical chemistry parameters, without ne-
cessitating major adaptations to the equipment and test
kits currently used. Based on these findings, a UBT for di-
agnostic blood tests will possibly save costs by substan-
tially reducing the number of blood sampling tubes and by
simplifying handling and laboratory logistics. After all, it
will minimize the diagnostic blood loss (medical vam-
pirism) and associated inconveniences to our patients. Be-
fore general use of hirudinized blood for diagnostic pur-
poses can be recommended, however, a pilot study with
manufactured vacuumized UBTs should be performed.
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